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(54) Abstract Title 

Roller cone ifriD bit iiaving ncMMxisynmietrie ctitting elements oriented to optimise cfrilBng performance 

(57) At least one cutting tootfi 29 with a crest wlttiout rotational symmetry is located on the rolling cone of a 
drill bit. The drilling performance of this bit in a selected lithology is simulated and the orientation Oi of the 
asymmetrical tooth Is adjusted and the simulation iteratively repeated until the optimum orientation has been 
determined. This is associated either with the pieak value of a single performance parameter, such as the rate 
of bit penetration, or with the orientation that offers best perfbrrnance as rtieasured by a conribination of 
parameters. A typicialroptimum orientation is about 25* perpendicular to the plane containing both the cone 
axis and the tooth. The orientation bf the base of the tooth niay also be optimist in the same way and need 
not match the orientation of the tooth crest (figure 4). Also disclosed is a rolling cone with at ieaist one tooth at 
a different orientation to the rest. In order to pr^ent tracking. 
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ROIXER CONE DIOIX BIT HAVING NON-AXESYMMETRIC 
ClrtTING ELEMENTS ORIE^ TO OPTIMHSE DRILLING 

PERFORMANCE 



ThD ioveiiticsi felates g€ 

5 frfc ilftgigyia^ fnr ^hlWl hlt^ Hawing imp ro v ed drTHmg p ai Rji iMi ance, 

Rbllor ccme <ld]t bits used to dbiU weDb^^ flm^jl^ e&iidi fi^ 
^etieially indodeap]^^ Tb^ 
l9t body is turned by a dniliiig appaxatos (ddllmg ri^ wiiiie aadal fi^ce is applied 

10 to fbc Wt tP dtillJlgoi|g|i fee, eatdi fbrmnticais. Tbexoller conealiKsliktoa]^ 

of CQttiog elements difiposed at selected locatioDS feereOEii. Tbe tjfjpes^ sizes and- 
shqpes of die cnttiog elcaientB are genctaUy seleeted to optimi z e ddlliog 
pe rf b m iance of ttie drill bit in fee particiilar earfe fbnnatioiiB fenm^ whicfa fee 
fonnation is to be drillecL 

IS Tlie cutting eleniCTts may be fosmed finam the same piece of nietial as ei^ 

of tbe toller cones^ feese being so-called ^^nulled toofe** bits. Ofeer ^ ypes of 
cutting elements consist of various fbims of "^inserts** (s^>ara1e bodies framed 
fitom selected materials) i^ch can be afBxed to fee roller cones in a mintber of 

20 Sooie types of cuttintg elenienls, bofe pulled toofe smd insert type, have 

Gotfbg Qi^!Bs ("cnaE^ vAkh are not symmetric wife respect to am axis wifein die 
body of fee cutting deuMUt. These ate caUed non-axisyrnmetric catlii^ 
Seme types of roBer coQB driO txils hftve noiwocisyiuiiiBlric nitfing elements.- 
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^soll««tthecn^an.orie«tedinaselecteddi«^ 

One so<^ n«tlK>d for in.im,vmg diffl bft 
etenent a p«ticolar doectioa is described in pubHshed pal^ 

5 applicaticmlCT/US»/l«»2 filed by S. C3»«^ 

dennmts as flicy coins into ccmtiu* ^ 4» c«A fo^ The «pected 
tngectoor is **emrined by estin^ 

brfogie cone xotetion ^^ iespect to fl«bit rotatfoa speed. The cn«l» of 
10 catting ctoneots a-e to orient 

iac«i&^c,?«ctedimjec^^ Wheflierflieciestsan. oriented p«pe^ 

Yet anoflier mefliod for oaenting flie ««sts <rffl»e witiing dtanatfs on a 
»tier cooe Wt Is described U. S. patent no. 5,1 W55 issued 4o B*es. As 
15 (»qdained in tfie Sates ^555 patent, to» oests of Ae cutting dements aie atiented 
wiarin angle ranges of 30 to 60 degrees (oy 300 to 330 degrees) ta^ 

lotation of the cone. 

It is desirable to provide a drill bit wh«aein n<»«xiq«nnielric cutting 
elenicnls Mieah^ to optimize a rale St wMdi d^ 

20 fixmadoiis. 



One aspect of Ae invention is a xoDcr cone dritt Ht having totta: cones 
lotatably attached to a bit body. BaiA of 4o cones inchides a ito^ of catting 
25 elemcnts.atleastonepffliecuttmgdeinentsbeingiio^ 
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sofliatavaliieofatleaston»dnlKiigl«fi«^ '"""^ 
emiwdfaneirt. flie at least cmepaiaiiMtoiB^^ 
In one embodimeiit, Ihe creiit of «iB at 
at an angle of about 10 to 25 degrees Scm Ae di«clian of movanent of flie 
catting element as it contects flie eattib fimnatiaaiwhen Ae catling etement is 
diq»9edmai»ffllkmootboaid of4edrf^ In anoto 

ta^bom^dtl^ m ttgle is aboiit 350 fo 335 degrees y>bm the cutting element is 
^ in a ikisMan lii^^ 

AnoOer iispect of tiiii iuventioais ameHlod for designing a roller cone dnil 
inchiaaifc <^ llit ddllii« earih f hnn itf iiMis . The dlilfclal inciiides 

Baaie^^ctifmMS^i^ a^phnafi^ 
of catting etimentB, at least ose of flib^catling demenls being noaMAsyo^nuitn^^ 
ixitbitt ineaK»4 an caientation 6f^ cutting d«snient is af^ttsted, and 1^ drit^^is 
Bgaioi simulated. Hie adjostment md stmolatioa are lepeated natil Ae Vttloe of at 
15 UMaa»ddiSospeiBmnam»pdxanMdbBratp^ In one eoibofflmect, fl» at 
least oole petfiimiance panuneter includes ibo xate of penetxation of tfie dxiB bit 

OAer aspects and adnrntages of the intveaitioa -will be apparent fimn 1bo 
cbscti^itiao "vwliic^ fellows. 
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Figdie 1 ^kows one catsonple of a piior art roller cone drill bit haiv.ngnon- 
axisyinmetxic catting elements. 

Figiiie 2 shows a bottom view of one example of a it^a. cone bft having 
catting eieniei^ts craenf^ aecoidBmg 
25 Figiirt 3 siiOwB oae exanq^ of boW to appr w u mate a location oi' a drive 

rowonaooine. 
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I%uiB 4 shows one embodiineiit of a CTrt^ 
fata diiecfioii of a long dnnenaan. 



nPTAn JHD DESCRIPTION OF 1 

Refeniiig tb Figme 1, a typical prior art toller cone drill bit 20 incbidn a 
5 lAbocfy 22 having to extenaltyfliica^ andaphiial^ 
of foUer dotted 26 (lOiaallyfliieefaa shongn),atta d icd to &6 c^hfi?* bit hoiy 

22 and able to wtete *ifliT^^ A«^^ ccrnw 26 of 

^ bit 20 arb aplnnility of cimii« element larfdcalfy aina^BBd ia lovrs abcot 

m ^^^^iifi^:«Bilii^^ 

iliin^ sled "fhe cnttiiig^^d are iutti- 

ani^ninietriCy meaning^iat lSie:<rest 28A of Ae ctMiqg elexoent ajriuineliie 
widi respect to an axis (not TypicaD^, tte cnist 

28A. of a non-axisynnnelric cutting dement soch as shown at 28 will define a long 

IS dimension, dbown along Hne L. An orientation of the long dinwosimi L is 
g^oezally defined as an angle subtended between Ibo direclidii of tie long 
fSmenirion L and a sdected ie fe ren6e> In this enmple the refbionoc is tibe 
lotatiosial ansf of the cone. Any o&er soitdile reference ^^^^^^^^ 

to define die orienlatian of die cutting elonent Tbe noo-axisynmi^ric cutting 

20 dements 28 on die bit 20 shown in ^gmre 1 are arranged so that the long 
. dgmimAoxk h is indbstantifi]^ paraUel (at aoeaco degce^ aqbteaded ang^e) widk 
teq[>ect to the axis iolation A. 

It sbpnld^^ ]^^^ die loQg dKmcaiapn X fi^ |bp oest 28A shown in 

Figure 1 is substaatiBl^ paraDd crest 28A/^^ die crest 28A is linear. 

25 Oflier^bapes of crest aie Imovm ra^^^ \^di will have difEbr^st ^finittQiis of 
the long dimensicnL For exanq»le^ crescCTt shaped crests on some catting elements 
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may have tlie long dnnensicHi defined as along a fine connecting the 6n(^*mts of 
fte crescent RefeinnghriejQy toFiguro4» for exa^ 

element 28B has a looig dhnension L2 across its ciest which as shown in Has 
example is oriented ififfeient^ tfian tiie long dimension Ll of tfie hase of tiie 
5 catdng etonent 28B. For the desctqrtiQn of the invoition wUdt follows^ the 
oodentation of die crest of such cutting el^tnents will be detexniin^ by the 
direction of 12. As wiDbc fin&a* e?q>laincd, flte individual ox i cait a t i icm of 1>odiL2 
and qitLl can ibe qp^^ 

Reij^xing back to Figme Ip al^omgh the Ht 20 luis hbeai abbwii tdierem 
10 substsntiatf/ aD ^ cottSqg elements 2^ indnde 1^ long dimcnsddn it is liHlfain 

of fitch cutling denMgitSy is ncibB-aidsyjmueb^ and hudtidte ioiii|( dniSfiscaQn L» 
lliB iBSt of the ciittmg elements may be axisymmetric> llieieCbx^ 
nosHaxisynnnetQc cntting dements is iplot intended to Hmit flie inveiilicttL 
is It has been de t ermine d that the orientation of long dimension I#-widi 

lespect to^ axis of tiie cone A has an efEect on driUmg pciiotjMHince of die hit 
20. facmeaspectofdiei&vutionydnlfiiig wilhflus bi^ 

fbimation is simulated The simulation typically includes deteimiimtion of a mte 
^ at which the fait penetrates daoag^ the selected earth foonatioii (ROP). among 

20 ottier p eif<Hinai ioe measures, Li this as|»ct of the inventicm, the angle 6f^ 

dimension L wifli tissBpect to die scAecfed ledfenradoe is ai^usted* the drjDiDg 
simnlatian is te p esitetd, and the pei fbrmanoe of die fait iis again detenniincd. The 
adjustment to die angje and simulation of drilling aiie iepeadbd Until the drillmg 
peifomahce is optimi29ed in one anbb^ment of die iinnGniicm, optiiniza^ is 

25 dg termfn ed wfea fee tate of pcrotr a tibn (ROP) is determmed to be 

One such mediod for sirnntatrng the driDii]^ bf a ibllv cone ddED bit sudi as 
shown in Figure 1 is desmbed in U. S. paieirt flpphcatiQn serial no. (^'S24»08S 
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filed on Match 13, 2000, and assigned to fhe assignee of fliis inventior. THe 
n^diod of ibe '088 patent plication is h«eby inccwpoiaied by leferaicc. Hie 
a»fl»d for siiMating Ae drilling peifonn^ 

fianialion imqr be used to optimize Ae design of roUer cone drifl bits, and to 
<,^tin»iM Ac drilling pfstfomumce of a roller oone Wt. The method iniOndes 
sdeetiqg Wt design parameters, seleptmg drilling pammetos, and sdeoting an 
eartfifonbatian to be drilled. Tl» bH design pMimaetas ^sn^^ 
Oe Bh?qpe of the pot^ ^|en«mt| on the dri^ The tt^M>4 l^fe iisSxi^ea 
caleolatiqg, fiom Ae bit design parmneteo, diBBiiig pat^netem and eaitii 
lonnation, the parameters of a crater fomed when^^ elements 
conlat^ tibe Mttti fbimation. The niethod Hir^;^^!^^ a 
^^i t^iinlB gemmatiy^^^^beiein the brater is removed foil* a bc^^ ^tt&ce. 
The metibod aiso indtndes incaemeatally rotating flie and repeating fhe 
Pa!nTl«»»«g ftf iHiiter paiamgtes and bottomhole geometry based on catenlated 
15 toner cone tolMionqieedaiageanietricallocati 
roDer cone drill bit aboot its aods. 

la the present embodimeat* Hie mmnlntion according to Hie pHSvionsiy 
desciibed iM^ftmi" is perfboned. At least one drillin g p e l R w i nano e patamaliw, 
yMA can inehidB Hie rate of penetraHon, la determined as a rcsuh of Hie 
e««iii«H «n, inele of Hie long dimension It of tfe ^ te^ one non- 
an^ynnnetric cuti»ig element is acgnsled. The sipnl^o^ is i^epeal^ typically 
<^r.VKn£. r^«»tnt»hiin^ ihe vahies pf 8^1 Hie oflher dnO^g coiarpV^ drill bit 
Aaetgii panmigtets^ and Hie vahie of Hie at least one drilluig perfCTgi^inoe parameter 
i9 >l^b| detenmned. This proce^ is repeated imtfl Hie yaloe of^^^^^ driUing 
25 pCTf m wnnpf rBr»««*'*ffy '^p^v^^'^ In one eamnyle^ as previon^ ea q g teii ejjj, fl» 
dajPixi^ p e i foona nce parameter is op ti m i zed vAea rate of poietiatioa is 
d g l fT- ' H * * "^ tn be at a ma ximi i m . 
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For die specud cutthig element 28B shcrnm in Figaro 4, tbo crieiitffti<a of 
tfie.crest long dnneiisioB X2 and fii0 oriaifBtKni ot'&o base long dimCTsioii LI can 
both be adjusted, Ibe siimdaiion xepeated, find the results compaied until tie value 
of fke at least one driifing p taibiman ce parameter is opthniyed It is bdieved diat 
S in some drill bits^ the directian of tbo^ velocitjr vector may be different at die crest 
of die ddfinig elements fhan at die base of die cutting elements. SpedaDy Aspcd 
cntting eleiaiaits mtsh as sbownr at 2SB in Fijgnie 4 fttovide die bit designer wUSk 
die tBbSBl^ ib djplEdiinte ffie 'QnesislKMi biS'die tesilg dniieii6mn at bodi' die crest and at 
due base bf die cttttiiig c^etneiits to fiitdfef ipilwpd^ diTl1tiig'pedbiuiialioe> As for 
10 tbt ioi^ Wii^^ of a blt^ac^^^ l^tiibiis As^^ iv/endoii, 

fiibit die scope bfdfie invention. 

Anodier a^ipbct of non^axisyiiaimifitrio cnttnig> elemrats is diat some "^ypes of 
sudi cidting eleiisenls in^ not be symmelno widi rtqiect to a bisecting pianeu 
15 Odier types of sudb <mtting elemenls may be symmetiic widi leqiect to a bisec&ig 
plmie. Refexring briefly to FfgUR^ l, typing 

wbicii aie not axi^mmetrio nonedidess Usve a bisectfaig plane aiboiit wUcii die 
cutting element is symmetric, lii die pador ail; sncb cutfiqg 28A are 

cdiaiited mi^ diat die Msecting^ ~p^^ 

20 of die toller C(»e. Afic^ier a&|>ett of die invention is ^1 

die cutting elendieiit ciest at a sdecfeed abgle ^widi teapect to die cone am; die 
bisecting plme is Qiicaited at a sdected angle ^mfii respect to die:« of die 
cone. An example of dus oriCTtation is shown in Figure 2, wl^e bisecting plane 
P sid>tends an ane^ 64 imth inspect to p 

25 As widi other aspects of the iiivcaidcm, the oriefrtatidii of die subtended acg^e 84 is 
pidEarab^ determined by sefecting' m vahie of tibe suibteaded angle; 

simulating peacfcmnanoe of die bit, a^usting die angle, and lepeatmg the 
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pexfomianoe paiaineter is deteamuD^ 

Refaring to FiguiD 2, fluou^ driffing simul^on accordiiig to the method 
described flie "088 patent sp^c^ it has 1«m dcl«i«iuned that dnlhng 
p«fonnanceofac«t«intw»,of«fc 

era) hit having «chis^- Aaped inserts, is optinBai»rfi« «*own as 9,. 

ofltok«gdi«ncnrionI.isinaR.«gpof«lH^ 10 to aba«t 25 4^ 
to flic «ria A, i^to the catting 28 is djq^ V?^^ ^ 

xadlaHy ouAoaid (a^ lhm»fl« center of to» cone) of Ae ladial porithm of a 
-driyeiPW^fflifl^ If fliec»lti»g#OT« 29, is 

H«t driffing petfiHinancc is in^wved^ an^ di0t«rii> Fig^ie 2 as 0,. is 
.^am»g»ofaboal3S0lo335dw^ Tl« dcfimto of sia of ^ -n^ 
iised heicin is that the angle increases in a diiecttoi of Ao "leading- edge (toward 

15 flic diiectio» of rotation c*f the «me). 

» has been determined flmRig^i sfannhrtMm of drinhig fl» 

n«rc prefetred vahie for flie an^ 0, is abont 25 degrees, and that a more 
jacfened vsdne angle Oi is aboat 335 degrees. 

Mfbe event A0:Ae,il»tth^ 
20 location. Ae an^inay heeiflierappiorimali^r 10 to 

(or tnote piefcraMy ^ « 335 degrees) depen^ m wbix^ viOue of Ac an^ 

pinvidesamoieopthnizedvidBe^^^ 

faigheriate of peoetration: 

Ctae mefliod for estfanating flie po!a^on of ,1^^ 

25 Kgore S. The lotetion lalio of ewdi of foe cones 2^ 

oumiple, nsmg force calcdations such as described in foe X>88 pateit appKcation 

tefened to earlier, or by anmlating flie driffing offoebitasinfoe'OSS patait 
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qipficatiQiL HaWng d^iemiiiied or oflierwise estimated the rotation ratio of flie 
cone 26, a ratio of drive mw distance from fiie axis of the bit B witii respect to 
e ffectiv e cone zadins ri will be appiojiiiii ateiy related to the position of dse ddve 
row. The drive row positian fer pnrposes of this inyentian will be located 
aypxuximately at &e positiai along die cone axis A where the ratio ra/ri ia 
flpproxiniatBly die same as the rotation ratio of the cone 26. in any particular bit 
desi^ fbeto may or nsy nat be a row of cutting elements disposed at d-e drive 
ixm location. The angle fin* orienting die at teaat one c^ittiiig eIeiD»nt can be 
selected, |» pveyionsly a^ained» by considering iSm locxdixm of due at least one 



10 ratting el ^^"p^f^ ^ ^ ^^>^ location esthnatcd accoidipig ito Ae 



Refeitihg aginn to Pignre 3» a particnlar feitore of Ab iirveiilidai fe shoWBL 
wludi has as its pinpose At least 

cme of die chitting eliadran^ 
15 oriented at llm preferred angle Oi^pKferabty is csiCTled at a difCbxenit angle 83 m 
diat die row of cutting elemaits vnSl resist **tEB(ddng". The rttt^j^^^ of d^ 
dififereape in die angles is not i m poitan^ but cndy need be selected to avoul 
tracking* In pailiciilar, whether die selected difiEnoice in angle between die at 
lea^ omp cutting eloneitt aiid.di;B^;^ cultifi^r^ements on the saine low is* eiioiidit 
20 to avoid trading can be de tem iia ed^ aiiKsng other mediods^ by usiiig Ae driffi^g 
Binnrii l tian tecfamqoe desaabed in the '088 patent sjipiication j^aed to eadien 

This £»lnre of die iiw»tiQn can woric wi^ odia: embodiments of a drill 
biL For acampi^ snbstafilially all of the cnttipg demaits on the hit may hwc long 
d imensi on L parallel to die r espect i ve axis A of the cone on which ^cdi ciittiDg 
25 elCTiei^ is disposed. At least one cutting elemeaat on any. one row of cuttiilig 
elemCTts on the bit may be disposed so that its long dhnension L subEcndS. an 
an£^ other dian parallel to the cone axis, hi another exanqd^ at least om cnttiiig 
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dement on each on one cane can be disposed w 

oAct to parallel to Irrespective cone axis. In yet another C3caini>fe,al least obb 
catling element cone, or atenatively. at least one cutting element mi each 

lowof each cone cmbedriented so tfat its long dim^^ 

5 tiwconeaxis. fa km^ of Ae fow^oing examp^ 

demctit so that its long dimfawriom other flumpanJkj to flie cone, ^gdien afl tiie 
ote oittBBg demeirts in the same tow are E«^^ 

■ /inteidedto^iedi^ 
c^itf Mi«B of flie ciii^ 
10 Initare disposed at some selected angje (8ii^ as ilie pirt^ 

an ^ od)i» dttttng demeints on one row of dit&ng de mfe n te ott la© Wl; sttok 
oonii^ntiom is wifliin tte cotrtBanji^atioii of tius a^f^ &e invcintion. In 
anolher cotaDqtle, eadi rwir o^ catting demenls ojb each of flio cones inciiiides at 
least one cutting eloneat disposed at an ai^gle dtfEbient fiom all iOie oflwr cutting 
dsmeote on die TOW to avoid Imclcing. 

The invenfiaaDL has been described wi& leapect to parliGnlar oiiibiMlinienls. 
It will be appaient to Aose aicilled in fte ait Aat oAer rssboiSaBadcSsb. of fiie 
inventioa can be ^vised viduc^ do not dc^patt fioim 9^ ^lirit of ^ invention as 
dliclosed herehi. Accotdin^, ^ ^Dtventiom diail i)e 
attached claims. 
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1 1. Ain^iodfcrivtiinizmg&iffingp^ 

2 Int^comprimog: 

3 sin„aating drilling wWi the bit in a sdc^ 

4 least one diflHngperftanaiTO 

5 aiSw^ an odeotatioii of at least atk isibti-ms^^ catling elcmenl 

6 ontfiBUt; 

7 lepeating 4o Biirailating tibe drilling and 

8 perfbssnanbepenaneiet^and 



9 iept^mng w» 

10 perflmnsujceiM^^ 

1 2. The method as defined in claim 1 vfbaxixk die at least one 

2 i«£bimance parameter con^priiw a iBlB 6^ 

1 3. The mediod aa defined m cluiin 2 wherein the opitiminn vahie is 

2 dctemrfnedwiienAeiateofpcMtoitionisatftniaxinMi^ 

1 4w The ntefliod as defined hi daim ^ ^hfetein die optimum vahie 

2 detBamned ^ OEientation is in a iiN^ of ibckit 10 16 2S dil^ees ^idiea the 

3 at least one catting element is ^^spoa6d^M)iii^'W''A drive i^'fiicatiaifi on the 

4 cone. 

1 5. The method as defined in claim 3 wherein Ac optinuim value is 

2 detcnnmediidwn the orientation is aibout 25 degrees 'tiAen die 

3 elemoit is disposed oodsoardofadiive low location on die cone. 



11 



1 6 TTie meAod as defined in claim 3 wh«em fte oplimtim vah» 

2 dct«nrined^li«ori«lationi^^ 

3'-. 

4 cone. 



1 



detenninBd vmsaa. tne onemanuu w - 

the at least one catting deiii^itis di^^sed inboard of a drive row location on the 



1 7. iT» inettiod 88 defined in daim 3 whae^ 

2 deteiininedi>»iien%cp^ 

3 dement is diqwsed inboard irfa drive w location on 



8. Tl»ineaiod as defined in daim^^i*« 

3 orieatatfon of a Jl^ase at ^ noiHa^^ c^tms cteMA to 

4 opiiffiiz»4evataeof4eatleastonedriIIingp<^^ 

1 9. xiiBrnBfliodasdefibJBdiniaahttrfiiitoooinqiriOT 

2 agisting an angle ofaliiscctii«plai»of1ho at least one noii^^^ 
3, cuttingeleincntwilhiespecttDasiHtoofaiote 

4^ non-axisymmetric cutting element is disposed; 

5 rqieating Ibe simnlating and dislemuning; and. 

6 leiwatiiig the adgnslnig S^^^^ Wscctimg plane angle, simnlatkig and 
7^ drtemKMiig 1^ flte «^!tii^ of «iB ^ least ono drilling performance 
8 p8iamBtEri8detepnniBdlp>eBttiB^ 
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1 10 A roller cone diffllwt.coaqniaiig: 

2 aphnaKty of roUer ccmes,eaBhiatotabIy mc«^ 

3 aphiralrtyofcttdingdeinenteonea^ 

4 ftecottiiigeUfflienlsbeii^iion^ri^^ 

5 erne no«d,^yannetric cul^ 

7 wHdiiteatleastonecottbgd^ 

8 at least one piffling p«fi>apmicepa^^ 



1 

2 



1 
2 



1 



11. Ttexrfterca««afflWt-»4i^ 

f catss^i^ii^ba of paiettalictt oif fliei Iwt 



1 12. Tl»idl!et«»edrfflWtasdefiDedm<da6^ 

2 aHWJ(riini«lelyl0to25d.«ie«^^ 

3 ouOnMi dofadiiveiowlocadimcatiiecone. 



13. Tlie roller ocmeAffl Was defined in dalm 10 
a,^,«axiin8tely 25 deg« disposed 
ouflioaid of a drive row location m thecooe. 



1 14. TteroDaconedriniiitasde^ 

2 i^i««^mat^y 350 to 335^^^^^d^ ;hcn fl» ^ least citfef clenieot is 

3 «< i! i q H)sed inboaid ojf thp <^y^ locatiwL. 



15. tlie roller cone driBhit as defined in claim 10 iwli^ 

2 appnHdmately 335 degiees tto fl» at least one cutting elem«it is dii^oscd 

3 inboaid f^Hiediive TOW location. 
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, 16 Tte roller coiiedrinbU as dcW in claim 10 wherein fliean^ is 

2 o«»^ of ^.pi^dniatray 25 de^ 

p„«ides a higl«r rate of penetration, when at least one catting element is 



4 disposed on a drive row location on ibe cone. 

1 TteronerconedrinWtasA 

2 elenientscaniiHise milled stedteefli. 



1 18. 



2 



The-xollBr cone drOl Wt as d^ned in cldm 10 i?tocin 4e cutting 



cdiiixido inserts* 



1 19. The niter cone dS bit as ^ined m ^cUsSm 10 iiAeireSn ibs cutting 

2 dements <ffla9>ri8ep<ri^^ 

1 20. The rofler cone drffl bit as d^ned in daim 10 wherein at teast<«^^ 

2 ending eUmeant in a nw having coiling c^emenia em 

3 disposed at a diflfisrentangle whereby fliedcinWtso^ 

1 21 Tbe ndler cone drill Wt as defined in claim 10 whei^ an an^ 

2 subtended "^rtween a long dimension of a crest of tfie at least one non- 

3 wisypnnBliip ciitt^ dement and an axis of rotation of the c<»e cm whidi the at 

4 l«Bt one artting ehmie^ 

5 (fimension of the base of flie non-ajrisynuniBlric cutting element and fee sxis of die 

6 conearebodiMdecledtooptiniiwavi^ofti^ 
7 
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1 22. Tbe xoller cosiie drill \nt as defined in daim 21 whoein the at least 

2 one drillipg p c tXim i i ance paraaaaeter comprises rate of pepcteation of tihe biL 

1 23. The toiler coaae as defined in daim 10 iirihgicin an angle sabteaded 

2 b rt w ecn a biKCling plane of the at least one non-axisymmelxic cutting eleineirt 

3 and a stiiGitc of the cone on which tfie at least cite nooi-axisymmelric cottiDg 

4 e^Micaia^ is sdtected to et ptiruize this vahie xif "idte at least one drilfiDg 

5 pt^fbiuxiGka^ ^ • 

1 24. The roller cone driU fait as defined in daim 

1 25. Ans|lerCQiiodcin.1»l^cd]^^ 

2 aplucai^ofidnercoQesiotalaUymonntedona^^ 

3 aphnafitjf i^nonraonsynuneti^ 

4 flie roller cones^ on at least one row of 

5 of die cntting elements mieated at a d iCE e a t ent ang^ dian ft» odier ones of die 

6 cutting elements on tibe at least^c^ 

1 26. Tiie roller cone driO fait as dinned m daim 25 fii^^ 

2 eadi of die roller cones, at least one cfottmig element facing oriented at an ant^ 

3 difi»twtiiian flie cyther ones of tbe catting elements on die at least one row of die 

4 cottiDig elements. 
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1 

2 



1 
2 



27. TheroDer ccme difllWtas defined in claim26 finto coinprisiii& on 
Sl^ erne of rows on at least c«ie lit least one 

3 offliennvsmwbrfng oriented ai^^ 

4 cuttiiiBdeinentffiBasainconcoflheTOWS. 



28. Tl»B roller cone dtlB feK as di^nei in <^ 
lea?t ope cutting e!em«it in eai^ low^ 5^ '^'^^ 

3 aii an^ different toi the oflier ones of flie cnt^ 

4 eadi of ^ roller ccaes. 

2 ddier ones of die cnliiiig is OiiesBted so tt^ ifti toN^ ^o^on is 

3 sttbstantiallypaianeltoanaxisafflieonBof^^^ 

4 ia'disposed. 

1 30. The roller ccmedifflMt as defined in cWm 2? wln^^ 

2 other ones of flie cutting etemenls is oraentpd so flat its long dhnension is 

3 substantiallypBrdlelloattaxisof^onBofiflieaiieofftexote 

4 isdifipQsed. 
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